Context. Turbulent convection efficiently transports energy up to the solar photosphere, but its multi-scale nature and dynamic properties are still not fully understood. Several works in the literature have investigated the emergence of patterns of convective and magnetic nature in the quiet Sun at spatial and temporal scales from granular to global. Aims. To shed light on the scales of organisation at which turbulent convection operates, and its relationship with the magnetic flux therein, we studied characteristic spatial and temporal scales of magnetic features in the quiet Sun. Methods. Thanks to an unprecedented data set entirely enclosing a supergranule, occurrence and persistence analysis of magnetogram time series were used to detect spatial and long-lived temporal correlations in the quiet Sun and to investigate their nature. Results. A relation between occurrence and persistence representative for the quiet Sun was found. In particular, highly recurrent and persistent patterns were detected especially in the boundary of the supergranular cell. These are due to moving magnetic elements undergoing motion that behaves like a random walk together with longer decorrelations (∼ 2 h) with respect to regions inside the supergranule. In the vertices of the supegranular cell the maximum observed occurrence is not associated with the maximum persistence, suggesting that there are different dynamic regimes affecting the magnetic elements.
Introduction
Turbulent convection is the mechanism that efficiently transports energy through the outermost 30% of the solar radius, and is responsible for the formation of space-and time-coherent structures observed at scales from granular (see, e.g., Berrilli et al. 1999; Consolini et al. 1999; Berrilli et al. 2002 Berrilli et al. , 2004 Del Moro 2004; Nesis et al. 2006; Centeno et al. 2007 , and references therein) to mesogranular (see, e.g., November 1980; Roudier et al. 1998; Berrilli et al. 2005; Yelles Chaouche et al. 2011; Berrilli et al. 2013) and supergranular (see, e.g., Hart 1956; Simon & Leighton 1964; Berrilli et al. 2004; Del Moro et al. 2004; de Wijn et al. 2008; Orozco Suárez et al. 2012; Giannattasio et al. 2013 Giannattasio et al. , 2014a Gošić et al. 2014; Berrilli et al. 2014; Stangalini 2014; Gošić et al. 2016) . Actually, the photospheric features observed on the Sun are the result of the action of turbulent convection and its complex non-linear interaction with the magnetic fields amplified and emerging from the convective region. This interaction deeply affects the solar activity, and is often invoked to be the basis of those physical processes that trigger the energy transfer in and to the upper layers of the solar atmosphere, such as magnetic reconnections (Parker 1957 (Parker , 1988 , which may originate nanoflares (see, e.g., Viticchié et al. 2006) , and the excitation of acoustic (see, e.g., Jefferies et al. 2006; Sobotka et al. 2014 ) and magnetohydrodynamic (MHD) waves (see, e.g., Alfvén 1947; De Pontieu et al. 2007; Tomczyk et al. 2007; Stangalini et al. 2014 Stangalini et al. , 2015 Srivastava et al. 2017; Stangalini et al. 2017 , and references therein).
Nevertheless, despite the efforts, the physics of high Rayleigh number (Ra) turbulent convection has major open issues and is still being largely debated (see, e.g., Xiaozhou et al. 2012) . Actually, values higher than Ra ∼ 10 17 cannot be reached in laboratory experiments (e.g., Niemela et al. 2000) , while for solar convection Ra ∼ 10 19 − 10 24 are expected (Hanasoge et al. 2012) . The inherent difficulty in describing a complex system like the magnetised and highly turbulent photospheric plasma, means that it is still not possible to formulate a complete and extensive theory of solar convection on all scales, from sub-granular to global. To address this problem, three different approaches have been proposed in the last decades: i) MHD simulations, ii) tracking of small-scale magnetic fields (magnetic elements), and iii) statistical study of the emerging patterns on different space and time scales.
Magnetohydrodynamic simulations have been widely used in the last twenty years to reproduce all the features observed in the solar photosphere, such as granulation and the emerging of both small-and large-scale magnetic fields (see, e.g., Nordlund & Stein 1997; Stein & Nordlund 1998 Cattaneo et al. 2003; Vögler et al. 2005; Rempel et al. 2009; Beeck et al. 2012; Danilovic et al. 2015) . As a result, MHD simulations were successful in mimicking accurately limited regions, in volume and time, of the convection zone. However, despite their capability to match the observations in a very realistic way, at present they cannot simulate simultaneously the wide range of spatial and temporal scales involved in the solar photosphere, from subgranular to global, due to intrinsic limitations of currently available computing power.
Some inherent aspects of turbulent convection related to advection/diffusion, magnetic flux concentration and organisation on different spatial and temporal scales can be alternaArticle number, page 1 of 8 arXiv:1801.03871v1 [astro-ph.SR] 11 Jan 2018 tively investigated by tracking bright features (possibly related to magnetic elements) in G-band images (see, e.g., Berger et al. 1998; Cadavid et al. 1998 Cadavid et al. , 1999 Lawrence et al. 2001; Sánchez Almeida et al. 2010; Abramenko et al. 2011; Lepreti et al. 2012; Yang et al. 2015; Yunfei et al. 2015) or magnetic elements in magnetograms (see, e.g., Wang 1988; Hagenaar et al. 1999; Manso Sainz et al. 2011; Giannattasio et al. 2013 Giannattasio et al. , 2014a Keys et al. 2014; Caroli et al. 2015; Roudier et al. 2016; Iida 2016) , and possibly comparing the results with those expected from simulations obtained with simplified advection/diffusion processes (see, e.g., Del . The accuracy of this approach is based on the hypothesis that magnetic elements are passively transported across the solar photosphere by the plasma flow, so that their motion reveals the physical properties of the underlying velocity field.
The statistical analysis of long-time duration data can allow us to probe the structure of photospheric and sub-photospheric plasma flows and magnetic field distribution at different spatial and temporal scales. This can be approached, for example, via the investigation of emerging correlations and the detection of coherent patterns (see, e.g., Getling & Brandt 2002; Rast 2002; Getling 2006; Brandt & Getling 2008) .
By following approach iii), in this work we investigate spatial and temporal correlations of the photospheric magnetic field in the quiet Sun taking advantage of an unprecedented magnetogram time series acquired on 2 November 2010 with the SOT telescope on board Hinode (Kosugi et al. 2007; Tsuneta et al. 2008 ) and targeted at the disc centre. The paper is organised as follows: in §2 we present the data set used and describe the methods applied to perform the analyses; in §3 we show the results obtained; in §4 we discuss the results in light of the existing literature; and in §5 we summarise the main aspects pointed out in this work and draw our conclusions.
Observation and data analysis

The 24-hour Hinode data set
The data set used in this work was described exhaustively in Gošić (2012) , and previously analysed by Giannattasio et al. (2013 Giannattasio et al. ( , 2014a and Caroli et al. (2015) to perform their studies on the diffusion by turbulent convection of small-scale magnetic fields in the quiet Sun over a wide range of spatial and temporal scales, from granular to supergranular. It consists of a series of 959 magnetograms acquired by Hinode SOT (Kosugi et al. 2007; Tsuneta et al. 2008 ) with a field of view (FoV) of ∼ 50 Mm, a spatial resolution of ∼ 0".3, and a noise level -computed as the rms value in a sub-field of view (sub-FoV) free of magnetic signal convolved with a 3 × 3 spatial kernel -of σ N 4 G for single magnetograms. The series was filtered for oscillations at 3.3 mHz (Gošić 2012 ) in order to remove the effect of acoustic oscillations. We note that our observations are also free from any seeing effect. Particularly interesting, the large FoV contains an entire supergranule. This, together with the high spatial resolution and the absence of seeing, makes the data set very suitable for studying the evolution and structure of the quiet Sun as a consequence of the plasma dynamics induced by turbulent convection. Moreover, the series of data, acquired on 2 November 2010, spans 24 hours without interruption, with a cadence of 90 s.
In Fig.1 we show the signed mean magnetogram averaged over ∼ 24 hours. The boundaries of the supergranular cell are clearly visible, and also outlined by the horizontal velocity maps obtained via the application of the Fast Local Correlation Tech- nique (FLCT) described in Fisher & Welsch (2008) and shown in the bottom panels of Figure 3 (see also Figures 1a and 1b in Giannattasio et al. 2014a) . The horizontal velocity field is mainly radial and directed from the central regions to the boundaries of the supergranular cell, with the velocity strength ranging from ∼ 0.1 to ∼ 0.6 kms −1 moving outward.
Occurrence and persistence of magnetic features
In what follows, we indicate with Φ the unsigned magnetic flux density strength.
Occurrence
For any pixel (x, y) of the FoV, we defined the occurrence, R xy , as the number of frames in which that pixel hosted a magnetic feature with strength Φ xy above a magnetic threshold Φ T , i.e. the number of times that the condition Φ xy > Φ T is fulfilled. According to this definition, R xy is a measure of the tendency of a specific site to host magnetic features. The occurrence of magnetic features was investigated by performing a numerical binarisation of each image of the time series. This was obtained by setting to unity all pixels with a magnetic flux strength above Φ T = 13 G, zero elsewhere. The threshold Φ T corresponds to two values. The first is the magnetic flux strength at which the flux strength probability distribution function (PDF) departs from a semi-Gaussian shape with standard deviation s, namely g(Φ, s), representative of the noise
This threshold is defined as (Consolini & De Michelis 2002 )
where r(Φ, s) is the residual distribution obtained as the difference between the observed PDF and g(Φ, s) (see Figure 2 ). The second is the commonly used threshold of three times the magnetogram noise, 3 · σ N .
Due to both i) and ii) the threshold Φ T represents a robust value (with a probability over 99.7%) to discern between magnetic features and noise. 
Flux strength probability distribution function, PDF(Φ), obtained by considering all the frames in the magnetogram time series (black dots).The blue line corresponds to a semi-Gaussian fitting model, the red line to the residual. The threshold value of Φ T = 13 G is marked by a vertical dashed line.
The sum of binarised images normalised to their total number and expressed in percentage provided the normalised occurrence, O xy , which can be defined pixel-by-pixel as
where N is the number of magnetograms included in the time series. We note that with respect to R xy , O xy provides a normalised value in the range [0, 1] for all possible magnetogram series. For practical purposes, we refer to occurrence as the quantity O xy throughout the text.
Persistence
For any pixel in the FoV we defined the persistence as the time range, t D , over which the magnetic flux is still autocorrelated. According to this definition, t D represents the characteristic time range during which the same magnetic features linger in a specific location. In order to study the pixel-by-pixel persistence in the magnetogram time series and estimate t D we proceeded as follows. For any time step and correlation time (t, t C ) in the range 0 < (t, t C ) ≤ (N − 1)∆t, being ∆t the time cadence of observations, we computed the correlation Pearson coefficient in order to obtain the auto correlation function (ACF, see, e.g., Press et al. 1986 )
being σ 2 xy the variance of Φ xy (t), namely
and
where in equations 5 and 6 the overbar stands for the mean value and the brackets ... correspond to an ensemble average over all the pairs of the time series Φ xy (t) separated by t C .
The ACFs computed via equations 4-6 peak at t C = 0 (where ACF is unity) and then decrease to zero in a characteristic time which is longer where the magnetic flux change is slower. For each pixel of the FoV, we estimated this decorrelation time, t D , as the time at which the ACF decreases from unity to the quantity 1/e. We note that t D is univocally defined, as there is only one time at which ACF = 1/e. In fact, for t > t D the ACF decreases and oscillates around zero with amplitude well below 1/e.
Results
In the top left panel of Figure 3 we show the results of binarisation applied to the first magnetogram of the series. The white areas in the figure correspond to regions with magnetic flux density Φ ≥ Φ T . The largest areas that are correlated are recognisable as the boundaries of the supegranular cell. The top right panel of the same figure shows the occurrence map obtained by considering the whole data set. An occurrence greater than 95% is found in just 266 pixels (corresponding to ∼ 0.1% of the FoV), each located at a vertex of the supergranular cell. In the supergranular boundary, the occurrence always exceeds ∼ 35 − 40%, while values of a small percent are found near the centre of the supergranular cell and in those regions of the FoV that probably correspond to the innermost parts of the adjacent supergranules (bottom panels of Figure 3 and Gošić 2012; Gošić et al. 2016 ). In the upper panel of Figure 4 we show the PDF of occurrence, which this time was expressed in hours instead of percentage in order to easily identify possible characteristic time scales. A peak is observed between 2.5 and 5 hours (red region in the figure), where the probability is 0.5%. Then the PDF smoothly decreases to 8 hours. A small secondary peak is observed between 8 and 10 hours (yellow region in the figure), where the probability increases to 0.12%. After a slight decrease a last minor peak is observed between 12 and 15 hours (blue region in the figure), where the probability increases to 0.06%. Then the PDF slowly converges to zero. The region between 20 and 24 hours is in green in the figure.
The lower panel of Figure 4 shows the cumulative distribution of occurrence. About 50% of the pixels in the FoV have occurrences below 5 hours, thus lying on the left of the main peak, while only 0.8% of pixels have occurrences above 20 hours.
The occurrence map gives statistical information on the sites hosting magnetic elements with Φ ≥ Φ T , and indicates where magnetic elements are likely to be found in the FoV over the whole time range spanned in our observations. Complementary information is provided by the characteristic time over which each pixel in the FoV hosts correlated magnetic elements, i.e. the persistence of magnetic elements at any location. In the middle left panel of Figure 3 we show the map of pixel-by-pixel decorrelation times, t D , for the magnetogram time series, which was computed as the time at which the ACF drops by a factor 1/e. As we can see, t D spans the range between 30 and 240 minutes in the supergranular boundary. Inside the supergranule, the decorrelation time map shows dark regions where t D is a few minutes at most, together with enhanced patterns where t D is typically 30 − 50 minutes, and a few peaks characterised by a t D 80 minutes. In the remaining part of the FoV, alternating bright and dark structures are observed, with values of t D ranging from zero up to ∼ 100 minutes, the latter occurring in correspondence with local maxima in the spatial distribution of magnetic flux (the most evident is at location [X = 26, Y = 3 arcsec] in the FoV). The top right and middle left panels of Figure 3 show similar features underlining the boundary of the supergranular cell. Longer t D are necessarily associated with higher occurrences, conversely higher occurrences do not imply longer t D . We investigated the relation between occurrence and persistence in the FoV by means of conditioned statistics. In Figure 5 we show the scatter plot between occurrence (in percentage) and the average t D (in minutes) in bins of occurrence ∼ 1%-wide (corresponding to 10 frames). Two different guess functions were used to best fit the data, a fourth-order polynomial function, and a polygonal piecewise linear function. The most suitable number of change points of the polygonal function was evaluated via the local slope of t D as a function of the occurrence, which was computed by performing a linear fit of t D on a nine-point mobile window centred on each occurrence (top left inset in Figure  5 ). The best number of change points we identified is three, and corresponds to the number of ranges in occurrence within which the local slope changes substantially. An automated procedure based on the minimisation of χ 2 over a mobile window selected the polygonal function (solid black line in Figure 5 ) as the best to fit the data. In fact, we found a reduced χ 2 = 0.19 for the polygonal function, and χ 2 = 0.44 for the fourth-order polynomial function, respectively. The automated procedure also provided the values of the change points at occurrences 17%, 43%, and 65% (marked by vertical dashed lines in the same figure). These change points separate different regimes, which are characterised by different local slopes and highlighted with different colours in Figure 5 for the sake of clarity. It is possible that another regime may emerge at even higher occurrences (> 65%), but the lack of statistics there prevented us from suitably estimating the fit parameters. For occurrences above 60%, the computation of the local slope is also heavily affected by statistical effects, and thus is not considered reliable. For occurrences 60%, the behaviour of the local slope suggests the presence of different dynamic regimes, characterised by quasi-constant values of the derivative (at least in the occurrence ranges ≤ 17% and 17%−43%) and separated by transition regions where the derivative is subjected to steeper variations. The different regimes correspond to quasi-constant slopes (dashed horizontal lines in the inset) of 0.77 (in red), 1.10 (in orange), and possibly 1.44 (in blue) being the change points located, as expected, in the middle of the transitions and in correspondence with the vertical dashed lines. We note that if data were best modelled by a single and smoother function instead of a polygonal one, the local slope should increase monotonically and not show the piecewise linear trend visible in the inset of Figure 5 . This supports the existence of different regimes to which magnetic elements in the quiet Sun are subjected.
A completely separated population of points is shown in green in the same figure. These points, together with those belonging to the three different regimes found, may be localised in the FoV. The results are shown in the middle right panel of Figure 3 , where the colour-code used is the same as in Figure 5 , and roughly corresponds to the different regions found in the PDF shown in the upper panel of Figure 4 . In moving from the inner regions of the supergranule to the boundaries, the relation between occurrence and t D steepens. This increase is broken in the vertices of the supergranule, where a decrease in t D is observed even though the occurrence reaches its maximum values.
Discussion
The flux enhancements in the mean magnetogram of Figure 1 underline the largest and longest observed scales of organisation of magnetic elements, which obey a dynamical regime that is different in the supergranular boundary with respect to the intranetwork regions (Giannattasio et al. 2014a) . Such enhancements may be due to recurrent and/or persistent magnetic elements, rather than magnetic elements with very high magnetic strength and short lifetime. In fact, only a small fraction of the FoV has been found to be covered by magnetic flux strengths above the equipartition value, and in any case such strong flux locations host the longest-lived magnetic elements (Giannattasio et al. 2013) .
Further constraints on the magnetic flux evolution up to supergranular scales may be given in terms of the statistical analysis of occurrence and persistence patterns. In particular, high occurrence values point out the presence of preferred sites hosting magnetic elements, while a high persistence points out the tendency of a site to host the same magnetic elements, or more precisely the same magnetic flux amount. As we can see from the occurrence map (top right panel of Figure 3 ), the highest values of occurrence are found in the vertices of the supergranular cell where the strongest magnetic fluxes are observed in correspondence with the longest-lived magnetic elements (Giannattasio et al. 2013 ). On the other hand, the lowest occurrences (≤ 5%, represented as red and green filled circles in the bottom left and right panels of Figure 3 , respectively) are found in the central region of the supergranule and of adjacent supergranules (Gošić 2012; Gošić et al. 2016) where the horizontal velocity as computed by FLCT (Fisher & Welsch 2008 ) is in the range 0.1 − 0.25 kms −1 . This provides information on the evolution of magnetic flux in supergranular environments. In fact, if magnetic flux above the detection threshold Φ T emerged preferentially in the central regions of the supergranule and then was advected to the cell's boundaries, a high occurrence at the centre should be observed. The higher the occurrence, the faster the emergence rate. Moreover, due to the slow horizontal velocity field, the central regions of the supergranule should also be characterised by longer persistence. This is not the case, thus the magnetic flux above the detection threshold should emerge in the outer regions of the supergranular cell, as also argued by e.g. Stangalini (2014) and Giannattasio et al. (2014a) , and be quickly advected to the boundaries by the horizontal velocity field, which in these regions reaches 0.6 kms −1 . When looking at an enhanced-contrast version of the occurrence map (not shown here), we notice the presence of quasiArticle number, page 5 of 8 A&A proofs: manuscript no. aanda_revised radial white features inside the supergranule that resemble those observed by Giannattasio et al. (2014a) in the deep magnetogram shown in Figure 1d ; they are separated by regions in which the occurrence is 10%. These features indicate that the occurrence of magnetic elements is not uniform even inside the supergranular cell, being enhanced in preferred sites which represent paths statistically more traveled than others by magnetic elements.
The PDF of occurrence, obtained by considering only the pixels in which the magnetic flux strength is Φ > Φ T and shown in the upper panel of Figure 4 , suggests the emergence of a characteristic time scale at 3 − 4 hours, and possibly at 9 hours, where the observed peak is still significant. We also notice that the occurrence ranges identified in the upper panel of Figure 4 and shown with different colours are unambiguously associated with specific magnetic environments in the FoV. In fact, when searching for the pixels of the FoV corresponding to those occurrence ranges we obtain a map similar to that shown in the middle right panel of Figure 3 . Thus, the emerging time scales may correspond to the typical occupancy time of a certain region of the supergranule by the magnetic flux.
While a high occurrence indicates that a location frequently hosts magnetic features, no matter if the same or different ones, a high persistence is likely to be due to the slow evolution of magnetic elements or to their permanence in a certain region. Thus, magnetic elements staying for a long time in the same location should result in high persistence, while more dynamic magnetic elements moving to preferred sites (or along preferred paths) should result in low persistence but high occurrence. Giannattasio et al. (2014a) found that magnetic elements in the supergranular boundaries remain confined therein due to diffusion rates that are slower than those located inside the supergranule. According to this, the longer-correlated regions shown in the middle left panel of Figure 3 correspond to areas hosting magnetic elements with magnetic flux strong enough to oppose to photospheric advection, allowing them to evolve following a nearly random walk and to remain confined in the same regions for a longer time. This argument is supported by the bottom right panel of Figure 3 , where it is shown that the regions with t D > 20 min are located in correspondence with the minimum values of the horizontal velocity field. Outside the supergranule, the other regions in which t D is enhanced probably correspond to the boundaries of adjacent supergranules (see, e.g., Gošić et al. 2014 Gošić et al. , 2016 . The drop in t D inside the supergranule is probably due to the superdiffusive motion of magnetic elements there (Giannattasio et al. 2014a) , which are dragged along the locally stronger (up to 0.6 kms −1 ) horizontal velocity fields (bottom panels of Figure 3 ). Due to these local superdiffusive flows, magnetic elements tend not to remain in the same regions for long, quickly emptying the magnetic flux from the central regions of the supergranule. Thus, following the horizontal plasma velocity field, magnetic elements are radially expelled from the centre to the outer regions, possibly dragged by trees of fragmenting granules (TFGs, Roudier et al. 2016) . We notice two other features present in the decorrelation map. First, we see large inhomogeneities in the values of t D over the boundary of the supergranule, which is the signature of the importance of the properties of local environment. Such an asymmetry may be the result of the dynamic competition between adjacent supergranules keeping long-correlated magnetic flux frozen in the border area in the left-side network rather than in the right side. This hypothesis cannot be actually verified, as the horizontal velocity field all around the supergranule cannot be reliably computed everywhere. Another possible explanation lies in the presence of unipolar (negative) magnetic flux in the left-side network, and mixed polarity magnetic flux in the right-side network (see Figure 1) . The polarity mixing may result in flux reconfigurations in the right-side network, originating shorter decorrelation times than in the left-side network. Second, spotty and filamentary features are observed inside the supergranule. As these features are also present in the occurrence map, and due to the superdiffusive regime observed inside the supergranule, they may be the signature of long-correlated paths along which coherent magnetic fluxes continuously emerge and travel as bricks of the network.
We investigated the relation between occurrence and persistence by plotting the mean t D within each occurrence bin (Figure 5) . The trend monotonically increases up to an occurrence 65%, then features appear that are probably due to poor statistics. Moreover, the higher the occurrence, the steeper the increase in t D . The best fits of points, based on the minimisation of χ 2 together with the transitions observed in the derivative, provided us with three different regimes of increasing t D . These different regimes are not randomly located across the FoV, but correspond to coherent regions with different physical conditions, as shown in the middle right panel of Figure 3 . This suggests the presence of different dynamic regimes in action in supergranules, depending on the local environment, which may be the manifestation of different magneto-convection regimes characterising the interaction between photospheric plasma and magnetic field in the quiet Sun (Cattaneo et al. 2003) .
When moving from the centre to the boundary of the supergranule the steepening of t D with the occurrence indicates a higher coherence of magnetic elements, and the locations with higher probability of hosting them also have a higher probability to host the same or similar magnetic flux density. Thus, it seems that the high occurrence in the boundary is merely due to the presence of long-lived magnetic elements piled up in relatively small regions. If this were the case everywhere in the FoV, we should find an even steeper increase in t D as a function of the occurrence in the vertices of the supergranule where the strongest downflows are observed (Giannattasio et al. 2014a) in correspondence with the strongest magnetic fluxes. Instead, we found unequivocal signatures of a separated population of magnetic elements living in the vertices of the supergranule, and having a shorter t D (in green in Figure 5 and in the middle right panel of Figure 3 ) despite the maximum occurrence. We exclude any effect due to low statistics since such a population is welldefined, localised, and represents a spatially correlated cluster, not randomly distributed throughout the FoV, which can be very unlikely produced by a noisy distribution of magnetic elements with constrained occurrence and decorrelation time. These results suggest that different tightly packed magnetic elements in the vertices of the supegranule move in a very restricted region, thus allowing a high occurrence (near 100%) and t D 40 − 50 minutes. This agrees with the low-diffusion, back-and-forth trajectories of magnetic elements found in the boundary of the supergranular cell, especially close to the vertices (Giannattasio et al. 2013) , and is consistent with the horizontal velocity field found there and shown in the bottom panels of Figure 3 . A key role is probably played by intense downflows acting as attractors, constraining the dynamics of close magnetic elements to a random walk restricted to small regions, and causing magnetic elements to pile up there.
Summary and conclusions
Due to the lack of an exhaustive physical theory, turbulent convection in the quiet Sun can be approached by i) MHD simulations, ii) tracking observed magnetic elements, or iii) studying the observed spatial and temporal correlations of both plasma and magnetic features filling the FoV. Here we followed the last approach, studying the occurrence and persistence of magnetic features in the quiet Sun. The main results found can be itemised as follows:
-The occurrence analysis shows a pattern on supergranular spatial and temporal scales with occurrences ranging from 0% in the central part of the supergranular cell to almost 100% near its vertices. -The persistence analysis shows long-correlated patterns localised mainly in the supergranular boundary where decorrelation times up to t D ∼ 240 minutes are found. -The highest occurrences are found near the vertices of the supergranular cell, but in these regions t D lies in the middle of its observed range. This suggests that the same locations are filled by different magnetic elements, probably due to the presence of intense downflows constraining their nearly random motion and acting as attractors. -The increase in t D as a function of the occurrence steepens moving from the centre to the boundaries of the supegranule, indicating that magnetic elements in the boundaries move, on average, slower and are correlated longer with respect to those inside the supergranule. The different slopes emerging from this behaviour may reflect the different magnetoconvection regimes characterising the interaction between plasma and magnetic field in the quiet Sun.
The occurrence and persistence analyses proposed in this work provide additional information on the dynamic constraints of the magnetic elements on single-pixel spatial scales, which make it difficult to distinguish between different magnetic elements with other methods and algorithms. Further studies will be aimed to understand whether our findings are universal features characterising the solar quiet photosphere, or are strictly dependent on its physical conditions at the time when observations are carried out. We also will extend our analysis to dopplergrams, investigating more extensively the onset of spatial and temporal correlations in magnetic features and their relationship with the local convection, with particular interest in the effect of the strongest downflows on the dynamics of magnetic elements.
It is our opinion that studies on the scales of organisation observed on the Sun performed with statistical tools like the ones employed in this work can effectively gather information about the turbulent convection dynamics and that, in general, this approach will contribute significantly to shedding light on the debated aspects of convection in stellar atmospheres.
